A Bacillus subtilis promoter, Px, that functions in a convergent manner with the sigA operon promoter P3 has been found in the sigA operon. Promoter Px is turned on at the same time as promoter P3 during early sporulation. The transcript from promoter Px codes for a small protein with partial homology to the OmpR protein from Escherichia coli and also carries an untranslated sequence at its 3 end that is complementary to the 5 end of the P3 transcript, which codes for the ribosome binding site of dnaE. The gene controlled by Px has been called antE. Promoter switching observed in Bacillus subtilis resulted in transcription of the sigA operon from two A promoters (P1 and P2) (19) during growth and from a H promoter (P3) (2) located in the 5Ј end of the P23 gene of the operon during early sporulation. This promoter switching allowed transcription of the sigA operon during early sporulation and the expression of the 3Ј end of P23, the dnaE gene, and the sigA gene (19, 20) .
Promoter switching observed in Bacillus subtilis resulted in transcription of the sigA operon from two A promoters (P1 and P2) (19) during growth and from a H promoter (P3) (2) located in the 5Ј end of the P23 gene of the operon during early sporulation. This promoter switching allowed transcription of the sigA operon during early sporulation and the expression of the 3Ј end of P23, the dnaE gene, and the sigA gene (19, 20) .
The second gene of the sigA operon, dnaE, codes for DNA primase (21) , which is not required during sporulation after the final round of DNA replication preceding forespore formation. The requirement for the product of the third gene of the operon, sigA, during early sporulation has been demonstrated (9, 14) . We report here a novel promoter (Px) and a gene (antE) that is transcribed convergently to promoter P3 and is located in dnaE. This is the seventh promoter to be recognized in the sigA operon (see reference 16 for promoters P1 through P6).
During a systematic search for promoters controlling the expression of the sigA operon, a convergent transcribing promoter activity was found on a 436-bp HaeIII fragment located within the dnaE coding region (17, 21) . The Px promoter was further mapped between the SstI and Sau3A sites, which are 338 bp apart (Fig. 1) . By using transcription terminator probe vector pWT19 (19) and shotgun cloning of Sau3A fragments generated from the EcoRI-SstI fragment at the 5Ј end of the sigA operon (17, 18, 21) , a 129-bp fragment showing strong termination activity was isolated. Sequence analysis of the 129-bp Sau3A fragment revealed a stem-and-loop structure followed by a stretch of T (U in RNA) residues (see Fig. 2 for the sequence), indicative of a prokaryotic rho-independent transcription terminator, which functions in the same orientation as Px, i.e., antisense to the sigA coding strand.
When DB104(pSB-X) (Table 1) , a strain containing the subtilisin gene under the control of promoter Px, was subjected to time course studies under sporulation conditions, an expression pattern strongly resembling that of promoter P3 of the sigA operon was obtained (Fig. 3) . To further confirm this pattern of expression and to exclude the possibility that Px in a multicopy plasmid (pSB-X) might have an expression profile different from that of the chromosomal single-copy gene, quantitative S1 nuclease mapping was conducted by using the 5Ј-end-labeled HaeIII fragment as a probe. These results, shown in Fig. 4 , illustrated several important features of promoter Px: (i) the transcription initiation site (ϩ1) was mapped at a position 47 bp away from the HaeIII site, which was consistent with the previous mapping and Bal 31 deletion data; (ii) levels of RNA transcripts derived from Px at different growth stages matched the previously observed temporal expression pattern (Fig. 3) ; and (iii) by defining the ϩ1 site, we were able to find a A RNA polymerase holoenzyme (E A )-type promoter sequence at the Ϫ10 (TAAAAT) and Ϫ35 (TT GTAT) regions with a spacer of 17 bp (Fig. 2) .
Although the sequence at the Ϫ10 and Ϫ35 regions suggested that Px was a A -type promoter, the fact that its expression was extremely similar to that of P3 made it difficult to exclude the possibility that Px might be controlled by E H or by more than one species of RNA polymerase holoenzyme. To test this, we introduced Px into the sigH (spo0H) mutant strain WB72 and compared the expression patterns of Px in wild-type DB104 and WB72. In contrast to the drastic difference observed previously in a similar test for P3 of sigA (2), no significant difference was found in this case (data not shown). This suggested that although Px and P3 had similar patterns of expression, they were controlled by different types of RNA polymerases in vivo. In similar tests with the sigB and sigE null mutation strains WB29 and WB71, respectively, no difference of expression was observed when Px was present in either DB104 or any of the null mutants (data not shown).
To test whether E A could utilize the promoter, the EcoRIdigested plasmid DNA containing Px was used as a template for in vitro transcription by E A and the RNA synthesized was examined by the method of Goldfarb et al. (4) . An RNA runoff band in the range of 50 to 60 nucleotides (nt) was observed (data not shown), which was close to what had been expected from the S1 mapping data, i.e., 47 bp from the ϩ1 site to the HaeIII site, plus 10 bp from the vector polylinker region (19) . Given the negative effects of sigH, sigB, and sigE null mutations on Px expression in vivo and the positive results of E A runoff transcription in vitro, we propose that Px is recognized in vivo by E A in a temporally regulated fashion different from that for other A promoters. Sequence analysis indicated that there was an open reading frame (orfX) coding for a putative protein product of 98 amino acid residues (11 kDa) within the antE transcript (Fig. 2) . A GTG codon very close to the 5Ј end of the transcript was preceded by a putative ribosome binding site (RBS) sequence (AGGAG 5 bp upstream, which is a proper spacer for most B. subtilis genes [1, 6, 13] ). As shown in Fig. 2 , there is a stretch of 9 amino acid residues with high sequence homology to the N-terminal domain of the Escherichia coli transcription regulatory protein OmpR (3, 25) , which has been shown to be a member of the highly conserved two-component sensor-regulator systems found in E. coli, B. subtilis, and other organisms (10) . One other interesting observation is that this highly conserved sequence coding for CRpLASQSN in the antisense strand also codes for a very highly conserved sequence HCF CGCGAhGN (residues 60 to 69) of DNA primase in the sense strand (21); the variable residues (shown as lowercase letters in the two sequences above) happen to be located in the same growth curve) , and the open circles represent subtilisin activities (for the expression curve), of DB104(pSB-X) culture in sporulation medium 2ϫ SG (11) . The specific activity of subtilisin was measured and defined as described previously (19) . A parallel culture of DB104(pSB) was used as a negative control for enzyme assays. T 0 , onset of sporulation.
position. This might be the first example of a highly conserved region under natural selection for sequences on both strands. Whether this sort of homology indicates any functional significance for the AntE protein has to be experimentally proven.
Although the function of the AntE protein remains unclear at present, we were able to show its in vivo expression by fusion of the gene to lacZ. To accomplish this, the 436-bp HaeIII fragment from pSB-X was cut out as a SmaI cassette and subcloned into the unique SmaI site in the lacZ translational fusion vector pMC1871 (20) to form pMC-X so that the expression of the lacZ gene was under the control of Px and the putative translational initiation signals of orfX. The correct orientation and in-frame fusion between two genes in pMC-X were confirmed by sequencing through the fusion junction region (data not shown). For expression in B. subtilis, the orfX-lacZ fusion gene from pMC-X was moved, as a PstI cassette, to pUB18, forming pUBZ-X. The fusion gene thus constructed was demonstrated to be expressed in both E. coli and B. subtilis. Figure 5 is a Western blot profile of the AntE-LacZ proteins expressed from the two organisms. The sizes of the fusion proteins expressed from B. subtilis (Fig. 5, lane 3) and E. coli (lane 4) were essentially the same, indicating that the same translational initiation site was probably used. The sizes of the fusion proteins were also very close to that of the authentic ␤-galactosidase (Fig. 5, lanes 1 and 5) , as one would have expected if the putative GTG codon was used for translational initiation. We are currently trying to assess the possible in vivo function of AntE by carrying out site-directed mutagenesis of the orfX coding region on the antisense strand, at the same time maintaining the dnaE codons on the sense strand. Figure 6 summarizes the structural features of the antE transcription unit in relation to its complementary part in the sense strand of the sigA operon. The overall gene organization of antE could be described as compact or economical, considering the facts that the entire transcript is only about 440 nt long and that the RBS for orfX is located at the very 5Ј end of FIG. 4 . Quantitative S1 nuclease mapping of Px transcription start point. Fifty micrograms of yeast tRNA or B. subtilis total RNA was annealed to the 5Ј-end-labeled single-stranded probe (the sense strand of the 436-bp HaeIII fragment) with 20,000 to 50,000 cpm by procedures described previously (19) . The protected DNA probe fragments after S1 digestion were resolved on a 6% sequencing gel together with an M13-derived sequencing ladder as size markers. Lanes A, C, G, and T, ladders generated from M13mp9 with universal sequencing primer; lane 1, yeast tRNA; lanes 2 to 6, total RNA from DB104 at T 0 to T 4 , respectively. The arrow on the right indicates the position of the ϩ1 nucleotide, which is located 47 bp from the end of the HaeIII fragment (see Fig. 2 for the relevant position in the sequence). the RNA transcript. The relatively long nontranslated tail at the 3Ј end is complementary to the intercistronic region between P23 and dnaE and to the RBS and the translation initiation site at the N terminus of the dnaE gene. This unique organization did not occur, we believe, by chance, but rather suggests the potential role of the "naked" 3Ј tail as a messenger-interfering complementary RNA (micRNA), a class of small regulatory RNA molecules first described by Green and colleagues for the regulatory micF RNA of E. coli (5) . Since DNA synthesis ceases around 1 h after the onset of sporulation (T 1 ) in B. subtilis (12, 24) , it would not be a surprise to find that the expression of dnaE, the gene coding for DNA primase involved in DNA replication, begins to slow down at a similar developmental stage. The expression pattern of Px (see Fig. 3 ) fits very well with the postulation that the 3Ј nontranslated tail of the antE transcript negatively regulates the expression of dnaE at the initiation stages of sporulation by means of complementarity to the dnaE translational initiation region. We are currently testing this hypothesis using different experimental strategies.
From these analyses, it seems possible that the antE transcript has a dual function, with its 5Ј portion coding for AntE and its 3Ј portion acting as a regulatory micRNA. If this is the case, antE would be the first example, to our knowledge, of a dual-function gene of this type.
